General Methods
All manipulations were carried out under an inert atmosphere of dried nitrogen using standard Schlenk techniques. The Ag I salts Ag[Al{OC(CF3)3}4]2 and Ag[FAl[OC(C6F5)(C6F10)]3]2 were prepared according to literature procedures. [1, 2] Solvents were freshly distilled under argon from CaH2 (CH2Cl2) and from Na, K or Na/K alloy (toluene, n-pentane). IR spectra were recorded as KBr discs on Varian FTS-800 spectrometer. 1 H, 13 C, and 31 P spectra were recorded on a Bruker Avance 300 spectrometer. [CpMo2(CO)4(η 2 -P2)] (1) (50mg, 0.1 mmol, 2 eq.) was dissolved in 10 ml of CH2Cl2. Ag(CH2Cl2) [TEF] (A) (58 mg, 0.05 mmol, 1 eq.) was dissolved in 5 mL of CH2Cl2 and slowly added to the stirred solution of 1. The red solution is stirred for 2 h at room temperature, the solution was filtrated and carefully layered with 10 ml of n-pentane. In two days orange crystals of 7 are obtained, collected, washed with n-pentane (5 ml × 2) and dried in vacuum. Yield 90 mg (87%). [CpMo2(CO)4(η 2 -P2)] (1) (75 mg, 0.15 mmol, 1.5 eq.) was dissolved in 10 mL of CH2Cl2 and slowly added to Ag(CH2Cl2) [TEF] (A) (116 mg, 0.1 mmol, 1 eq.) in 5 mL of CH2Cl2. After 12 h stirring at room temperature the clear red solution was filtered and layered with the eightfold amount of toluene. After one day at room temperature compound 3 already crystallizes as red plates at the solvent mixing zone. Storage at +4 °C for three weeks resulted in further crystalline product. The supernatant solution was decanted off, the crystals were washed two times with toluene and dried in vacuum. Yield 127 mg (70%). [CpMo2(CO)4(η 2 -P2)] (1) (25mg, 0.05 mmol, 1 eq) was dissolved in 10 mL of CH2Cl2. Ag(CH2Cl2) [FAl] (B) (79 mg, 0.05 mmol, 1 eq.) was dissolved in 5 mL of CH2Cl2 and slowly added to the stirred solution of 1. The red solution is stirred for 2 h at room temperature, filtrated and carefully layered with the fourfold amount of toluene. Storage at +4 °C affords orange crystals of 4 at the solvent mixing zone after several days. The crystals were washed with toluene and dried in vacuum. Yield 39 mg (39%). [CpMo2(CO)4(η 2 -P2)] (1) (50mg, 0.1 mmol, 1 eq) was dissolved in 10 mL of CH2Cl2. Ag(CH2Cl2) [FAl] (B) (79 mg, 0.05 mmol, 1 eq.) was dissolved in 5 mL of CH2Cl2 and slowly added to the stirred solution of 1. The red solution is stirred for 2 h at room temperature, filtrated and carefully layered with the fourfold amount of toluene. Storage at +4 °C affords compound 5 as clear red prisms during one week. The crystals were washed with n-hexane and dried in vacuum. Yield 95 mg (76%). [CpMo2(CO)4(η 2 -P2)] (1) (50mg, 0.1 mmol, 1 eq.) was dissolved in 10 mL of CH2Cl2 and slowly added to a stirred solution of Ag(CH2Cl2) [FAl] (B) (79 mg, 0.05 mmol, 1 eq.) in 5 ml CH2Cl2. After 12 h stirring at room temperature the clear red solution was filtered and carefully layered with 20 ml of n-pentane. Within three days orange crystals of 6 are obtained, collected, washed with n-pentane (5 ml × 2) and dried in vacuum. Yield 112 mg (89%). 
Crystallographic data
Crystals suitable for single crystal X-ray diffraction analysis were obtained for 2-6 as described above. The crystals were taken from a Schlenk flask under a stream of argon and immediately covered with perfluorinated Fomblin® mineral oil to prevent both decomposition and a loss of solvent. The quickly chosen single crystals covered by a drop of the oil were taken to the precentered goniometer head with CryoMount® and directly placed to the diffractometer into a stream of cold nitrogen.
Intensities were acquired using narrow -scans either an Oxford Diffraction Gemini R Ultra diffractometer equipped with micro-focus CuKα X-ray source and an Atlas S2 CCD detector, or an Agilent Technologies SuperNova diffractometer equipped with a micro-focus CuKα source with an Atlas S2 CCD detector (Tables S1-S2 ). All measurements were performed at 123 K, excepting 3, for which T = 100 K was used at the attempt to 'freeze out' expected disorder. The data were processed with the CrysAlis software package. [3] An analytical absorption correction [4] from crystal faces was applied for 2 and 4. A semi-empirical numerical absorption correction based on Gaussian integration over a multifaceted crystal model [5] was applied for 3, 5 and 6.
Structure solution was performed by charge-flipping method with the program SUPERFLIP (4) [6] or by direct methods with the program SHELXS or SHELXT (2, 3, 5 and 6). [7] All structures were refined by full-matrix least-squares based on F 2 with different versions of program SHELXL [7] running under Olex [8] shell. All non-hydrogen atoms fully occupying their positions were refined with anisotropic displacement parameters. Hydrogen atoms were placed in idealized positions and refined isotropically according to the riding model. Figures were created with PLATON [9] and Olex.
The crystal of 2 proved to be a two-component pseudo merohedral twin (twin law (-1 0 0, 0 1 0, 0 0 1)) of the monoclinic structures with a monoclinic angle of 90. The twin batches were refined to 0.5/0.5. The only alternative orthorhombic space group Pmc21, was tried, but no satisfactory structure solution was found. The only systematic extinctions for 21(z) axis appear to be not independent, because they are the result from those for the c(y) glide plane. Therefore, twinned model seems to be correct.
In 3, the TEF anion as well as one Mo2P2 complex are severely disordered even at 100K. The Mo2P2 complex is disordered over 3 very close positions with occupancies refined as 0.53, 0.235  2. The solvent toluene and CH2Cl2 molecules partly occupy their positions. During the refinement process the geometry of these groups had to be restrained.
In the crystal structure of 5 the positions of disordered CH2Cl2 and toluene molecules mostly overlap. The molecular occupancy factors vary from 0.13 to 0.67. Two least occupied positions of toluene (0.13 and 0.16) molecules were refined with geometry restraints. The rest solvate molecules were refined freely after fixing their occupancy factors. Figure S1: Molecular structure of a dication (top) and two independent TEF anions (bottom) in 2 in the solid state, showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 50% probability level (hydrogen atoms omitted for clarity, disordered groups are shown in dashed lines). showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 50% probability level. H atoms are omitted for clarity. 
DFT calculations
The DFT calculations have been performed with the TURBOMOLE program package [10] at the RI [11] -B3LYP [12] /def2-TZVP [13] level of theory. The geometries were optimized in the gas phase using the Multipole Accelerated Resolution of Identity (MARI-J) [14] approximation during the geometry optimization steps. The solvent effects were incorporated as single point calculations (without the RI approximation) on the gas phase optimized geometries via the Conductor-like Screening Model (COSMO) [15] using the dielectric constant of CH2Cl2 (ε = 8.930). For the reaction energies the SCF energies, corrected for the "outlying charge" were used. 
